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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Kei Murayama, a citizen 
of Japan residing at: Nagano-shi, Nagano, Japan, 
Mitsutoshi Higashi, a citizen of Japan residing at 
Nagano- shi, Nagano, Japan, Hideaki Sakaguchi , a 
citizen of Japan residing at Nagano-shi, Nagano, Japan 
and Hiroko Koike, a citizen of Japan residing at 
Nagano-shi, Nagano, Japan have invented certain new 
and useful improvements in 



SEMICONDUCTOR DEVICE HAVING A CARBON FIBER 
REINFORCED RESIN AS A HEAT RADIATION PLATE 
HAVING A CONCAVE PORTION 



of which the following is a specification: - 
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T I TILE QF THE INVENTION 

SEMICONDUCTOR DEVICE HAVING A CARBON FIBER 
REINFORCED RESIN AS A HEAT RADIATION PLATE HAVING A 
CONCAVE PORTION 

5 

BACKGROUND QF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
a semiconductor device and a manufacturing method 

10 thereof and, more particularly, to a technology 

which can miniaturize and lighten a semiconductor 
device comprising a package structure, such as a BGA 
(Ball Grid Array) or a PGA (Pin Grid Array) , and a 
heat radiation structure . 

15 2 . Description of the Related Art 

Recently, as a semiconductor element (LSI 
chip) mounted on a package of a semiconductor device 
has been improved to present high performance, the 
semiconductor device is required to operate at high- 

20 speed. However, as the speed increases, more heat 
is produced during a circuit operation, causing an 
inconvenience of decreased reliability of the 
circuit operation . 

As a countermeasure to this, a typical 

25 semiconductor device according to a conventional 
technology has a heat radiation structure to emit 
heat generated from the semiconductor chip to the 
exterior of the package. FIG.1A to FIG.1C show 
examples of a semiconductor device having this 

30 structure. 

FIG.1A is an illustration of a structure 
of a semiconductor device comprising: a plastic BGA 
(package) having an interconnection substrate formed 
of a resin (plastic) and a metal bump formed thereon 
35 as an external connection terminal ; and a 
semiconductor chip, of not remarkably high 
performance and of a currently mass-produced type, 
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mounted on the plastic BGA. FIG. IB is an 
illustration of a structure of a semiconductor 
device comprising: a plastic BGA (package) having an 
interconnection substrate formed of a resin 
(plastic) and a metal bump formed thereon as an 
external connection terminal; and a semiconductor 
chip, faster and more power-consuming than the 
semiconductor chip shown in FIG.1A, mounted on the 
plastic BGA. FIG.1C is an illustration of a 
structure of a semiconductor device comprising: a 
plastic BGA (package) having an interconnection 
substrate formed of a resin (plastic) and a metal 
bump formed thereon as an external connection 
terminal; and a semiconductor chip, of even higher 
performance than the semiconductor chip shown in 
FIG. IB, mounted on the plastic BGA. 

In FIG.1A, a semiconductor chip 2 is 
mounted on one surface of an interconnection 
substrate 1 so that a surface of the semiconductor 
chip 2 opposite to a side where an electrode 
terminal thereof is formed is bonded on the surface 
of the interconnection substrate 1 . The electrode 
terminal of the semiconductor chip 2 is electrically 
connected to an interconnection pattern formed on 
the interconnection substrate 1 in a predetermined 
manner through a bonding wire 3 . A sealing resin 4 
covers and seals the semiconductor chip 2 and the 
bonding wire 3. On the other surface of the 
interconnection substrate 1 is formed a solder bump 
5 which is used as an external connection terminal 
for the semiconductor chip 2. In addition, on the 
other surface of the interconnection substrate 1 is 
formed a solder bump 6 which is used as a terminal 
to radiate heat generated from the semiconductor 
chip 2. The heat radiation terminal (solder bump 6) 
penetrates through the interconnection substrate 1 
and is thermally connected to the semiconductor chip 
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2. Likewise, though not: particularly shown in the 
figure, the external connection terminal (solder 
bump 5) penetrates through the interconnection 
substrate 1 and is electrically connected to the 
5 interconnection pattern formed on the 
interconnection substrate 1 . 

With respect to the structure shown in 
FIG.1A, the interconnection patterns can be formed 
on both surfaces of the interconnection substrate 1, 

10 providing a two-layer structure. However, such a 
two-layer structure is still insufficient for 
mounting thereon a semiconductor chip that requires 
a further high-speed operation. 

As shown in FIG. IB, to adapt to such a 

15 high-speed operation, an interconnection substrate 
la is constructed to have a four-layer structure 
which may achieve inhibition of a switching noise 
during a circuit operation in a semiconductor chip 
2a; and a decrease in thermal resistance. This 

20 structure also has the heat radiation terminal 

(solder bump 6) as a heat radiation structure to 
radiate heat generated from the semiconductor chip 
2a. 

As shown in FIG.1C, to adapt to even 
25 higher performance, an interconnection substrate lb 
is constructed to have a six-layer structure. A 
heat spreader 7, which is a highly thermally 
conductive metal plate, such as copper (Cu) or 
aluminum (Al) , is bonded on the backside (the 
30 opposite surface to where an electrode terminal of a 
semiconductor chip 2b is formed) of the 
semiconductor chip 2b placed inside a cavity formed 
in a middle part of the interconnection substrate lb 
so as to further reduce the thermal resistance. 
35 Still more, a heat sink 8 formed of a material such 
as a metal or a ceramic, is mounted on the heat 
spreader 7 so as to enhance heat radiation effect. 
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The electrode terminal of the semiconductor chip 2b 
bonded to the heat spreader 7 is electrically 
connected to an interconnection pattern formed on 
each layer of the interconnection substrate lb 
5 through a bonding wire 3a. A sealing resin 4a 

covers and seals the semiconductor chip 2b and the 
bonding wire 3a. 

The above-mentioned semiconductor devices 
according to the conventional technology have 

10 disadvantages. For example, in the structures shown 
in FIG.1A and FIG. IB, the heat generated from the 
semiconductor chip 2 or 2a is only radiated from the 
underside of the package (interconnection substrate 
1 or interconnection substrate la) through a limited 

15 number of the heat radiation terminals (solder bumps 
6). Thus, these structures are not sufficient in 
terms of heat radiation effect. 

To solve this problem, the number of the 
heat radiation terminals 6 may be increased, as a 

20 countermeasure . However, since the package is 

constructed in a specified size, the increase in 
number of the heat radiation terminals 6 leads to a 
relative decrease in number of the external 
connection terminals (solder bumps 5) , which poses 

25 more serious problems on the semiconductor device. 
Consequentially, the number of the heat radiation 
terminals 6 is limited, undermining this 
countermeasure . 

On the other hand, in the structure shown 

30 in FIG.1C, since the heat radiation structures (heat 
spreader 7 and heat sink 8) are thermally connected 
with the semiconductor chip 2b, the heat generated 
from the semiconductor chip 2b is effectively 
radiated from the upper side of the package 

35 (interconnection substrate lb) through these heat 
radiation structures 7 and 8 . The heat generated 
from the semiconductor chip 2b is also radiated from 
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the underside of the package (interconnection 
substrate lb) through the sealing resin 4a and the 
air between the sealing resin 4a and a mounting 
substrate, such as a motherboard (not shown in the 
5 figure) . Therefore, this structure is advantageous 
in terms of the heat radiation effect, compared to 
the structures shown in FIG.1A and FIG. IB. 

However, this structure shown in FIG.1C 
also has a disadvantage. That is, since a metal 

10 plate, such as copper (Cu) or aluminum (Al) , or a 
material such as a ceramic is used as the heat 
radiation structures (heat spreader 7 and heat sink 
8), the whole package becomes relatively large and 
heavy. Especially when considering the recently 

15 increasing needs toward miniaturization and 

lightening of the semiconductor packages, this 
disadvantage still has to be improved. 

SUMMARY OF T HE INVENTIO N 
20 It is a general object of the present 

invention to provide an improved and useful 
semiconductor device and a manufacturing method 
thereof in which the above-mentioned problems are 
eliminated. 

25 A more specific object of the present 

invention is to provide a semiconductor device which 
can be miniaturized (thinned down) and lightened 
while maintaining an expected heat radiation effect, 
and a manufacturing method thereof. 

30 In order to achieve the above-mentioned 

objects, there is provided according to one aspect 
of the present invention a semiconductor device 
comprising: 

a substantially flat interconnection 

35 substrate having an interconnection pattern formed 
on a surface thereof; 

a semiconductor element mounted on the 
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substantially flat interconnection substrate so that 
an electrode terminal of the semiconductor element 
is electrically connected to the interconnection 
pattern ; 

5 a heat radiation plate formed in a form of 

a sheet having a concave portion so as to cover the 
semiconductor element and bonded on the surface of 
the substantially flat interconnection substrate; 
and 

10 an external connection terminal formed on 

the other surface of the substantially flat 
interconnection substrate so as to penetrate through 
the substantially flat interconnection substrate and 
be electrically connected to the interconnection 

15 pattern, 

wherein the heat radiation plate is formed 
of a heat-resistant resin containing carbon fibers. 

In order to achieve the above-mentioned 
objects, there is also provided according to another 
20 aspect of the present invention a manufacturing 
method of a semiconductor device, the method 
comprising: 

a first step of preparing a heat-resistant 
resin containing carbon fibers in a form of a 

25 prepreg having a shape corresponding to an outline 
of a package; 

a second step of molding the heat- 
resistant resin into a predetermined shape by 
heating and pressurizing the heat-resistant resin in 

30 a mold having a shape corresponding to an outline of 
a semiconductor element to be mounted; 

a third step of mounting the semiconductor 
element on a substantially flat interconnection 
substrate having an interconnection pattern formed 

35 on a surface thereof so that an electrode terminal 
formed on a surface of the semiconductor element is 
electrically connected to the interconnection 
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pattern; 

a fourth step of applying an adhesive on a 
surface of the semiconductor element opposite to the 
surface on which the electrode terminal is formed 
5 and on the surface of the substantially flat 
interconnection substrate ; 

a fifth step of heating and pressurizing 
the heat-resistant resin placed on the surface of 
the substantially flat interconnection substrate in 
10 a mold having a shape corresponding to an outline of 
the package; and 

a sixth step of forming an external 
connection terminal on the other surface of the 
substantially flat interconnection substrate so as 
15 to penetrate through the substantially flat 

interconnection substrate and be electrically 
connected to the interconnection pattern. 

In order to achieve the above-mentioned 
objects , there is also provided according to still 
20 another aspect of the present invention a 

manufacturing method of a semiconductor device, the 
method comprising : 

a first step of preparing a heat-resistant 
resin containing carbon fibers in a form of a 
25 prepreg having a shape corresponding to an outline 
of a package; 

a second step of mounting a semiconductor 
element on a surface of a substantially flat 
interconnection substrate having an interconnection 
30 pattern formed on the surface thereof so that an 

electrode terminal of the semiconductor element is 
electrically connected to the interconnection 
pattern ; 

a third step of molding the heat-resistant 
35 resin into a predetermined shape and bonding the 
heat-resistant resin on the surface of the 
substantially flat interconnection substrate by 
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heating and pressurizing the heat-resistant resin 
placed on the surface of the substantially flat 
interconnection substrate in a mold having a shape 
corresponding to an outline of the package; and 
5 a fourth step of forming an external 

connection terminal on the other surface of the 
substantially flat interconnection substrate so as 
to penetrate through the substantially flat 
interconnection substrate and be electrically 

10 connected to the interconnection pattern. 

According to the present invention, the 
heat-resistant, molded resin containing the carbon 
fibers is used as the heat radiation plate in the 
form of a sheet having a concave portion to radiate 

15 heat generated from the semiconductor element. 

Therefore, while the expected heat radiation effect 
is maintained, the semiconductor device can be 
miniaturized (thinned down) and lightened, compared 
to the conventional technology which uses such a 

20 material as a metal plate, such as a Cu or Al plate, 
for heat radiation. 

Other objects, features and advantages of 
the present invention will become more apparent from 
the following detailed description when read in 

25 conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1A is an illustration for explaining 
problems of a semiconductor device according to a 
30 conventional technology; 

FIG. IB is an illustration for explaining 
problems of another semiconductor device according 
to the conventional technology; 

FIG.1C is an illustration for explaining 
35 problems of still another semiconductor device 
according to the conventional technology; 

FIG. 2 is a cross-sectional view of a 
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structure of a semiconductor device according to an 
embodiment of the present invention; 

FIG.3A is a plan view of a structure of 
carbon fibers of a CFRP (a heat radiation plate) 
5 shown in FIG.2; 

FIG.3B is a cross-sectional view of the 
structure taken along a line Hi-Ill in FIG.3A; 

FIG. 4 is a cross-sectional view showing 
steps of a manufacturing method of the semiconductor 
10 device shown in FIG.2; 

FIG. 5 is a cross-sectional view showing 
steps succeeding the steps shown in FIG. 4; and 

FIG. 6 is a cross-sectional view showing 
steps of another manufacturing method of the 
15 semiconductor device shown in FIG.2. 



DETAILED DESCRIPTI ON OF THE PREFERRED EMBODIMENTS 

A description will now be given, with 
reference to the drawings, of embodiments according 

20 to the present invention. 

FIG.2 is a cross-sectional view of a 
structure of a semiconductor device according to an 
embodiment of the present invention. 

The semiconductor device 10 according to 

25 the present embodiment basically comprises a 

substantially flat interconnection substrate 11 
provided as a semiconductor package, a semiconductor 
element (chip) 14 mounted thereof, a heat radiation 
plate 18 in the form of a sheet having a concave 

30 portion applied to the interconnection substrate 11 
so as to cover the semiconductor chip 14, and a 
solder bump 19 provided as an external connection 
terminal of the semiconductor device 10. 

The interconnection substrate 11 comprises 

35 an interconnection pattern 13 formed in a 

predetermined shape on one surface (upper surface in 
FIG.2) of an insulating base 12. The solder bump 
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(external connection terminal) 19 is formed on the 
other surface (under surface in FIG. 2) of the 
insulating base 12 so that the solder bump 19 is 
connected to the interconnection pattern 13 through 
5 the insulating base 12. The solder bump 19 is used 
to mount the semiconductor device 10 on a mounting 
substrate such as a motherboard. 

In FIG. 2, the interconnection pattern 13 
is formed only on one side of the interconnection 

10 substrate 11. However, not limited to this example, 
the interconnection pattern 13 may be formed on each 
side of the interconnection substrate 11. In this 
case, it should be noted that, since the 
interconnection pattern 13 formed on the under side 

15 of the interconnection substrate 11 is exposed, a 

protective coat such as a solder resist needs to be 
formed to protect outwardly the interconnection 
pattern 13 on the under side. 

As the interconnection substrate 11, an 

20 insulating resin film is used, such as a polyimide 
resin film or an epoxy resin film, on a surface of 
which an interconnection pattern made of copper (Cu) 
is formed. As a specific example, a TAB tape 
comprising the polyimide resin film and a copper 

25 (Cu) foil formed on one surface thereof by 
patterning can be used. 

The semiconductor chip 14 is mounted by 
flip chip bonding so that an electrode terminal 15 
thereof is electrically connected to the 

30 interconnection pattern 13 of the interconnection 
substrate 11. In the present embodiment, ACF 
bonding, which uses an anisotropic conductive film 
(ACF) 16, is employed as this flip chip bonding. As 
the ACF 16, a thermosetting resin, such as an epoxy 

35 resin film containing electrically conductive 

particles such as silver (Ag) fillers, is used. 

An adhesive 17 bonds the heat radiation 



EV408338563US 



-11- 

plate 18 to the interconnection substrate 11. In 
FIG. 2, the adhesive 17 is applied to each of the 
interconnection substrate 11 on the side of the 
interconnection pattern 13 and the backside (the 
5 opposite side to the electrode terminal 15) of the 
semiconductor chip 14. As the adhesive 17, an 
insulating material such as a thermosetting resin, 
or an electrically conductive material such as an Ag 
paste is used according to each occasion, as 

10 mentioned hereinafter. 

In the present embodiment, in order to 
thin down the semiconductor device 10, the 
semiconductor chip 14 as thin as possible is used. 
In current technology, semiconductor chips 

15 approximately 50 to 100 //m thick are provided. 

Such semiconductor chips can be mounted with certain 
techniques. In consideration of this situation, the 
semiconductor chip 14 as thin as approximately 50 
nm is used in the present embodiment. 

20 The semiconductor device 10 according to 

the present embodiment is characterized in that the 
heat radiation plate 18 in the form of a sheet 
having a concave portion is formed of a heat- 
resistant, molded resin containing carbon fibers. 

25 Such a resin reinforced with carbon fibers as this 
is referred to as a CFRP (Carbon Fiber Reinforced 
Plastic) hereinafter. The heat radiation plate 18 
is formed of an adhesive sheet hardened through 
heating and pressurizing processes, in which is 

30 hardened a semihard adhesive sheet in a B-stage 

(i.e., a CFRP in the form of a prepreg) formed by 
impregnating a reinforcing material, such as a PAN- 
based carbon fiber based on a polyacrylonitrile 
(PAN) or a pitch-based carbon fiber based on a pitch 

35 obtained in distilling such a material as a coal tar, 
with a thermosetting resin such as an epoxy resin. 

This heat radiation plate 18 in the form 
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of a sheet (i.e., a CFRP hardened and molded) is 
devised to function effectively. FIG.3A and FIG.3B 
show an example of this. 

FIG.3A is a plan view of a structure of 
5 carbon fibers of the CFRP (the heat radiation plate 
18). FIG.3B is a cross-sectional view of the 
structure taken along a line ffl-m in FIG.3A. 

A reinforcing material of the CFRP (the 
heat radiation plate 18) is formed by weaving carbon 

10 fibers so that the carbon fibers extend in 

directions x and y (i.e., directions parallel to a 
surface of the interconnection substrate 11) , as 
shown in FIG.3A and FIG.3B. In a case of using, for 
example, the PAN-based carbon fiber as a carbon 

15 fiber, a coefficient of thermal conductivity in the 
directions x and y is 40 to 45 W/m • K. On the other 
hand, a coefficient of thermal conductivity in a 
perpendicular direction (direction z) to the 
directions x and y is merely 1 to 2 W/m^K. That is, 

20 the coefficient of thermal conductivity in the 
directions x and y, in which the carbon fibers 
extend, is relatively large. Therefore, by weaving 
the carbon fibers so that the carbon fibers extend 
in the directions x and y as shown in FIG.3A and 

25 FIG.3B, the heat radiation plate 18 can function 
effectively . 

It should be noted that, although the 
carbon fibers are woven so that the carbon fibers 
extend in both of the directions x and y in FIG.3A 

30 and FIG.3B, the carbon fibers may be woven so that 

the carbon fibers extend in either of the directions 
x or y. Further, the carbon fibers may be woven so 
that the carbon fibers extend in an arbitrary 
direction in a plane x and y. 

35 Next, a description will be given, with 

reference to FIG. 4 and FIG. 5, of an example of 
manufacturing the semiconductor device 10 according 
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to the present embodiment. FIG. 4 is a cross- 
sectional view showing steps of a manufacturing 
method of the semiconductor device 10. FIG. 5 is a 
cross-sectional view showing steps succeeding the 
5 steps shown in FIG. 4. 

In the first step, shown in FIG. 4- (A) , a 
CFRP 18a in the form of a prepreg, having a shape 
according to an outer shape of the package 
(substantially flat interconnection substrate) 11, 

10 is prepared. 

The CFRP 18a is formed, for example, by 
cutting a CFRP in predetermined length units, as 
shown by broken lines in FIG. 4- (A), in the course of 
unrolling a roll of the CFRP (not shown in the 

15 figure) rolled up beforehand in a predetermined 

width and carrying in the unrolled CFRP, as shown by 
an arrow in FIG. 4- (A). 

The reinforcing material of the CFRP 18a 
is formed by weaving carbon fibers so that the 

20 carbon fibers extend in a plurality of directions 
parallel to a surface of the interconnection 
substrate 11, as shown in FIG.3A and FIG.3B. 

In the next step shown in FIG.4-(B), the 
CFRP 18a is molded by using an under mold 21 having 

25 a convex shape corresponding to an outline which is 
to cover the semiconductor chip 14 to be mounted and 
an upper mold 22 having a concave shape that fits 
the convex shape of the under mold 21. That is, the 
CFRP 18a is placed on the under mold 21 and 

30 pressurized as shown by an arrow in FIG.4-(B) by 
using the upper mold 22, while being heated at a 
temperature of approximately 150°C. Thereby, the 
CFRP 18a is hardened in a predetermined shape, such 
as of a cap. The CFRP molded as above (i.e., the 

35 heat radiation plate 18 in the form of a sheet) is 
selectively 100- ^m thick approximately. 

Thereafter, the molded heat radiation 
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plate 18 is retrieved from the under mold 21 and the 
upper mold 22 . 

In the next step shown in FIG.4-(C), the 
semiconductor chip 14 is mounted on the 
5 substantially flat interconnection substrate 11 

having the interconnection pattern 13 formed on one 
side thereof so that the electrode terminal 15 
formed of a gold (Au) bump is electrically connected 
with the interconnection pattern 13. This mounting 

10 is performed by using the flip chip bonding. More 
specifically, the ACF bonding, which uses the 
anisotropic conductive film (ACF) 16 , is employed as 
this flip chip bonding. As the semiconductor chip 
14, a semiconductor chip as thin as approximately 50 

15 //m is used, as mentioned above. 

The substantially flat interconnection 
substrate 11 can be constructed as follows. First, 
a polyimide resin film (the insulating base 12) 
having an adhesive layer (not shown in the figure) 

20 is prepared. The polyimide resin film is 

approximately 20 ^m in thickness. Then, a through 
hole TH is formed at a predetermined portion in the 
polyimide resin film by laser machining or press 
working. Next, a copper (Cu) foil approximately 12 

25 /xm thick is applied on the polyimide resin film by 
thermal press bonding using the adhesive layer. 
Thereafter, the copper (Cu) foil is formed into the 
interconnection pattern 13 by pho toetching . 

It should be noted that the step of 

30 mounting the semiconductor chip 14 shown in FIG. 4- 

(C) and the steps of cutting and molding (hardening) 
the CFRP 18a in the form of a prepreg into the heat 
radiation plate 18 in the form of a sheet shown in 
FIG. 4- (A) and FIG.4-(B) can be reversed in order. 

35 In the next step shown in FIG.5-(A), the 

adhesive 17 is applied to each of the 
interconnection substrate 11 on the side where the 
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interconnection pattern 13 is formed and the 
backside (the opposite side to the electrode 
terminal 15) of the semiconductor chip 14. 

As the adhesive 17 , an insulating material 
5 or an electrically conductive material is used, as 
mentioned above. In case of using the electrically 
conductive material, the structure has to be 
arranged so that the interconnection pattern 13 for 
signal use does not short-circuit electrically. For 

10 example, in a case of using the heat radiation plate 
18 also as a ground plane, an electrically 
conductive adhesive should be used between the 
backside of the semiconductor chip 14 and the heat 
radiation plate 18 and also between the 

15 interconnection pattern 13 for ground use and the 
heat radiation plate 18, while an insulating 
adhesive should be used for other parts . 

In the next step shown in FIG T 5-(B), the 
molded CFRP (the heat radiation plate 18 in the form 

20 of a sheet) is bonded on the interconnection 

substrate 11 by using an under mold (comprising a 
bottom half 23a and a side half 23b) having a 
concave shape corresponding to an outline of the 
package and a concave-shaped upper mold 24 which is 

25 to be inserted into an opening of the under mold 23a 
and 23b. That is, the interconnection substrate 11 
is placed in the opening of the under mold 23a and 
23b so that the side where the adhesive 17 is 
applied faces upward. Then, the heat radiation 

30 plate 18 in the form of a sheet is placed further on 
the interconnection substrate 11. Next, the upper 
mold 24 is used to pressurize the interconnection 
substrate 11 and the heat radiation plate 18 as 
shown by an arrow in FIG.5-(B), while being heated 

35 at a temperature of approximately ISO'C. Thereby, 

the molded heat radiation plate 18 in the form of a 
sheet is bonded on the interconnection substrate 11. 
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Thereafter, the interconnection substrate 
11 bonded to the heat radiation plate 18 is 
retrieved from the under mold 23a and 23b and the 
upper mold 24 . 
5 In the final step shown in FIG.5-(C), the 

solder bump (external connection terminal) 19 is 
formed on the other side of the interconnection 
substrate 11 (a side opposite to the side to which 
the heat radiation plate 18 is bonded) so as to be 

10 electrically connected with the interconnection 
pattern 13 of the interconnection substrate 11. 

That is, a solder ball approximately 300 
Mm in diameter is disposed in the through hole TH 
formed in the interconnection substrate 11 and then 

15 is bonded therein by ref lowing. Thereby, the solder 
ball fills up the through hole TH and is 
electrically connected to the interconnection 
pattern 13, forming the solder bump 19 protruding as 
a ball from the bottom surface of the insulating 

20 base 12. 

It is preferred, though not shown in the 
figure, that a conductive membrane be formed on the 
inner wall of the through hole TH by such a method 
as copper (Cu) plating, prior to disposing the 

25 solder ball in the through hole TH , so as to 
increase a wettability of the solder. 

As mentioned above, according to the 
semiconductor device 10 and the manufacturing method 
thereof in the present embodiment, the CFRP in the 

30 form of the sheet is used as the heat radiation 
plate 18 to radiate heat generated from the 
semiconductor chip 14. Therefore, while the 
expected heat radiation effect is maintained, the 
semiconductor device 10 can be miniaturized (thinned 

35 down) and lightened, compared to the conventional 
technology shown in FIG.1C which uses such a 
material as a metal plate, such as a Cu or Al plate, 
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for heat radiation. 

In addition, since the carbon fibers of 
the CFRP (the heat radiation plate 18) are woven so 
that the carbon fibers extend in the directions x 
5 and y (i.e., the directions parallel to a surface of 
the interconnection substrate 11) in which the 
coefficient of thermal conductivity is relatively 
large, the heat can be effectively radiated. 

In the manufacturing method according to 

10 the present embodiment, after the CFRP 18a in the 

form of a prepreg is cut into a predetermined shape, 
the CFRP 18a is molded (hardened) through the 
heating and pressurizing processes into the heat 
radiation plate 18. Reversing these steps of 

15 cutting and molding in order causes inconvenience. 
That is, if the step of cutting is performed after 
the step of molding, the cut edge surfaces of the 
CFRP produce carbon powders so as to taint the CFRP. 
According to the present embodiment, even if such 

20 carbon powders are produced in the step of cutting, 
the cut edge surfaces of the CFRP 18a are covered 
with a resin in the following heating process. Thus 
such an inconvenience is not caused. 

In the above-mentioned embodiment, the 

25 manufacturing method of the semiconductor device 10 
is described as the steps of molding the CFRP 18a in 
a prepreg form into a predetermined shape (the heat 
radiation plate 18) ; and then bonding the heat 
radiation plate 18 on the interconnection substrate 

30 11 having the semiconductor chip 14 mounted thereon. 
That is, in this method, the step of molding the 
CFRP 18a and the step of bonding the heat radiation 
plate 18 on the interconnection substrate 11 are 
separated. However, the manufacturing method of the 

35 semiconductor device 10 is not limited to this 
embodiment . 

For example, the CFRP 18a in a prepreg 



EV408338563US 



-18- 

form may be molded into a predetermined shape, while 
being bonded onto the interconnection substrate 11 
having the semiconductor chip 14 mounted thereon. 
FIG. 6 shows such an example of a manufacturing 
5 method of the semiconductor device 10. 

In the first step shown in FIG . 6- (A) , the 
CFRP 18a in the form of a prepreg, having the shape 
according to the outer shape of the package 
(substantially flat interconnection substrate) 11, 

10 is prepared, as in the step shown in FIG.4-(A). 

In the next step shown in FIG.6-(B), the 
semiconductor chip 14 is mounted on the 
interconnection substrate 11 by the ACF bonding so 
that the electrode terminal 15 of the semiconductor 

15 chip 14 is electrically connected with the 

interconnection pattern 13, as in the step shown in 
FIG . 4- (C) . 

It should be noted that the step of 
mounting the semiconductor chip 14 shown in FIG. 6- 
20 (B) and the step of preparing the CFRP 18a in the 

form of a prepreg shown in FIG. 6- (A) can be reversed 
in order. 

In the next step shown in FIG.6-(C), the 
CFRP 18a in the form of a prepreg is molded and 

25 bonded on the interconnection substrate 11 at the 
same time, by using the under mold (comprising the 
bottom half 23a and the side half 23b) having a 
concave shape corresponding to an outline of the 
package and the concave-shaped upper mold 24 which 

30 is to be inserted into the opening of the under mold 
23a and 23b. That is, the interconnection substrate 
11 is placed in the opening of the under mold 23a 
and 23b so that the side where the semiconductor 
chip 14 is mounted faces upward. Then, the CFRP 18a 

35 in the form of a prepreg is placed further on the 

interconnection substrate 11. Next, the upper mold 
24 is used to pressurize the interconnection 
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substrate 11 and the CFRP 18a as shown by an arrow 
in FIG.6-(C), while being heated at a temperature of 
approximately lSOt. Thereby, the CFRP 18a in the 
form of a prepreg is hardened into a shape, such as 
5 a shape of a cap, which covers the outline of the 
semiconductor chip 14, and is bonded on the 
interconnection substrate 11. 

Thereafter, the interconnection substrate 
11 bonded to the molded and hardened CFRP 18a (the 

10 heat radiation plate 18 in the form of a sheet 
having a concave portion) is retrieved from the 
under mold 23a and 23b and the upper mold 24. 

In the final step shown in FIG.6-(D), the 
solder bump (external connection terminal) 19 is 

15 formed on the other side of the interconnection 

substrate 11 (a side opposite to the side to which 
the heat radiation plate 18 is bonded) so as to be 
electrically connected with the interconnection 
pattern 13 of the interconnection substrate 11, as 

20 in the step shown in FIG.5-(C). The above-mentioned 
steps manufacture the semiconductor device 10 
according to the present manufacturing method. 

According to the present manufacturing 
method, in the heating and pressurizing processes 

25 shown in FIG.6-(C), the CFRP 18a in a prepreg form 

acts as an adhesive. Therefore, the CFRP 18a in the 
form of a prepreg can be molded (hardened) and 
bonded on the interconnection substrate 11 at the 
same time. The present manufacturing method has 

30 simpler manufacturing steps than the manufacturing 
method shown in FIG. 4 and FIG. 5. Also, the present 
manufacturing method does not need the adhesive 17 
as used in the manufacturing method shown in FIG. 4 
and FIG. 5. 

35 In the above-mentioned embodiment, the 

interconnection substrate 11 is described to be a 
flexible substrate comprising the insulating resin 
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film, such as a polyimide resin film, and the 
interconnection pattern of copper (Cu) formed on the 
surface thereof. However, the interconnection 
substrate 11 is not limited to this embodiment. For 
5 example, a rigid substrate, such as a glass epoxy 

resin substrate or a glass BT resin substrate, which 
is generally used in a build-up multilayer 
interconnection substrate, may be used as the 
interconnection substrate 11. 

10 Also, it is described in the above- 

mentioned embodiment that, in constructing the 
interconnection substrate 11, the interconnection 
pattern 13 is formed after the through hole TH is 
formed in the insulating base 12. However, 

15 depending on a type or a form of the insulating base 
12, the through hole TH may be formed after the 
interconnection pattern 13 is formed. 

Further, it is described in the above- 
mentioned embodiment that the solder bump 19 is used 

20 as the external connection terminal. However, a 
material or a form of the external connection 
terminal is not limited to this embodiment. For 
example, a gold (Au) bump may be substituted for the 
solder bump 19. Or else, the external connection 

25 terminal may be used in the form of a pin. 

For example, in a case of using a T-shaped 
pin having a relatively large head portion as the 
external connection terminal, the pin is bonded as 
follows. First, a proper amount of solder paste is 

30 placed at a position, where the external connection 
terminal is to be formed, of the interconnection 
pattern 13 exposed from the under side of the 
insulating base 12 of the interconnection substrate 
11. Next, the head portion of the T-shaped pin is 

35 placed on the solder paste. Then, the solder paste 
is hardened by reflowing so as to bond the pin. 

The present invention is not limited to 
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the specifically disclosed embodiments, and 
variations and modifications may be made without 
departing from the scope of the present invention. 

The present application is based on 
Japanese priority application No . 2000-014809 filed 
on January 24, 2000, the entire contents of which 
are hereby incorporated by reference. 



